The aim of this study is to confirm the detection rate of transperineal biopsy after multiparametric magnetic resonance imaging (mpMRI) and compared it to that of transrectal biopsy. We also examined the role of mpMRI and the rate of complications for each method.
INTRODUCTION
Transrectal ultrasonography (TRUS)-guided prostate biopsy following an elevated (typically ＞2.5-4.0 ng/mL) serum prostate-specific antigen (PSA) level and/or a suspicious nodule on digital rectal examination (DRE) is currently the most widely used method for the diagnosis of localized prostate cancer. [1] [2] [3] [4] [5] This method has several advantages, including requiring less time to perform, lower cost, requiring only readily available equipment, and being highly reproducible and easy to teach. 6 The reason for these advantages is that the procedural time is mainly the time required to take the biopsies, and the procedure is performed under local anesthesia in a clinic room. However, fears have increased regarding undersampling of the prostate, particularly the anteroapical regions, 4 and the growing rates of postbiopsy infections, leading to multidrug-resistant bacterial sepsis. 5, 7 Because of these problems, the interest in transperineal biopsy has increased in recent years. 6 It is difficult to obtain an appropriate specimen from the anteroapical area by transrectal biopsy, but it is possible with transperineal biopsy. 4 There is a relatively higher incidence of cancer in the anteroapical region than in other prostate areas, 1, 4 and transperineal biopsy, which can obtain adequate tissue in this area, can improve the detection rate. The transrectal biopsy needle passes through the patient's fecal material and may cause infection. However, such infections can almost completely be avoided in transperineal biopsy because there is no contact with the fecal material in this method. 7 With the increasing interest in transperineal biopsy, several studies have reported multiparametric magnetic resonance imaging (mpMRI) before biopsy to be helpful for accurate biopsy. 3, 8 mpMRI enables the surgeons to identify the location of prostate cancer lesions; in addition, its high negative predictive value (NPV) could solve the traditional problem of prostate biopsy, wherein cancer is not confirmed on histologic examination, but this problem cannot be excluded completely.
Transperineal biopsy can obtain appropriate samples from the entire prostate, including the anteroapical area, compared with transrectal biopsy, and targeting of suspicious lesions is also advantageous. 1 The combination of mpMRI and transperineal biopsy can lead to a synergistic effect.
To our knowledge, there were no study has assessed transperineal biopsy after mpMRI in Korea. In this study, we confirmed the detection rate of transperineal biopsy after mpMRI and compared it to that of transrectal biopsy performed at the same time. We also examined the rate of complications and the morbidity of each method. System, Erlangen, Germany) with T1-weighted, biplanar T2-weighted, and diffusion-weighted imaging, and the apparent diffusion coefficient was calculated.
MATERIALS AND METHODS
Regions on the mpMRI that were suggestive of prostate cancer were categorized and indicated by three dedicated uro-radiologist according to the Prostate Imaging-Reporting and Data System, version 2 (PI-RADS v2), on a scale from 1 to 5, with higher scores indicating a greater likelihood of prostate cancer.
In patients who visited our hospital during this period, the biopsy method was determined by the physician's preference.
Doctor Kang selected transperineal biopsy and other physicians in the same hospital selected transrectal biopsy. There were no other considerations in the selection of the biopsy method, and biopsy was performed with the same enroll criteria.
A total of 136 patients were enrolled in this study, including 57 who underwent transperineal biopsy (group A) and 79 who underwent transrectal biopsy (group B). Among these patients, 43 had a history of previous prostate biopsy, and there were 13 and 30 patients in groups A and B, respectively.
All biopsies were performed in the lithotomy position under general or local anesthesia in the operating room. To minimize complications related to anesthesia, monitored anesthesia care using propofol and fentanyl was performed and no muscle relaxants were used. In the case of transrectal biopsy, if patients had a high risk for general anesthesia, local anesthesia was administered.
Transrectal prostate sonography was performed using a bipla- 
RESULTS
Sixty-three and 84 patients were enrolled in groups A and B, respectively. There was no significant difference in age, body mass index, PSA, abnormality of DRE, or PI-RADS scores between the 2 groups ( The overall detection rate of prostate cancer in group A was 27% higher than that in group B and 27% higher in cases with prostate volumes above 50 g ( Table 2 ). In patients with a previous prostate biopsy, the overall detection rate was 46.5%; the rate in group A was 76.9%, which was significantly higher than that in group B by 43% (Table 3) .
Classification according to PI-RADS score revealed a significant increase in detection rate in all patients, group A, and group B as the PI-RADS score increased ( Table 4 ). The detection rate of PI-RADS score ≥ 4 in all patients was 73.5%, and 86.8% in group A.
Analysis of the frequency of complications using the Clavien-Dindo classifications revealed no significant differences in the total complications rate between groups A and B (Table 5) .
Minor complications (grades 1 and 2) included postoperative hematuria, manual irrigation for blood clot removal, recatheterization due to urinary retention, and pain. There was no significant difference in minor complications between the two groups, but about 9% more complications were reported in 
DISCUSSION
The results of this study confirmed the detection rate of transperineal biopsy after mpMRI for the first time in Korea.
In a previously published systematic review of transperineal biopsy, the detection rate of the 12-and 24-core schemes were 24%-75% and 75.9%, respectively. 1 The mean core number for transperineal biopsy in our study was about 18, and the detection rate was 71.4%, which was similar to that of previous studies. In addition, the detection rate of transperineal biopsy was higher than that of transrectal biopsy.
Although transperineal biopsy has the advantage of an improved detection rate, it is not widely used and there is still controversy about the choice of transperineal or transrectal biopsy as the diagnostic tool for prostate cancer. The reason is due to the many advantages of transrectal biopsy, including its implementation in a short period of time and its low-cost, sim- It is difficult to obtain an appropriate specimen in the anteroapical area relatively far from the rectum by transrectal biopsy, but it is possible with transperineal biopsy. Many studies on the benefits of anteroapical sampling via transperineal biopsy and have emphasized its importance. 4, [11] [12] [13] Because of the relatively high incidence of cancer in the anteroapical area compared to that in other prostate areas, 1 the false negative rate of transrectal biopsy may have been caused by this anatomical issue. In our study, 76.9% of the patients who had not been diagnosed with cancer on a previous prostate biopsy were diagnosed through transperineal biopsy. In cases of repeat transrectal biopsy, 33.3% of the patients were diagnosed with cancer, less than half the detection rate of transperineal biopsy.
Further, the recent increase in the incidence of fluoroquinolone-resistant E.coli is also problematic for transrectal biopsy. 14 Because the biopsy needle passes through the rectal mucosa in transrectal biopsy, infection by the bowel flora of the rectum is possible. Many studies used povidone-iodine enema, preoperative rectal swab culture, and antibiotic change to reduce infection following transrectal biopsy, but consensus on the protocol has not yet been established, and it is still troublesome. 5 In contrast, transperineal biopsy can be almost completely free from this infection risk because it passes through cleansed, sterilized skin rather than through the rectal mucosa. 7 These superiorities of transperineal biopsy are valid reasons to replace transrectal biopsy.
The overall percentage of complications in transperineal biopsy analyzed by the Clavien-Dindo classification was slightly higher than that of transrectal biopsy, but the severity of complications was higher in transrectal biopsy. All transperineal biopsy complications were minor, including postoperative pain, hematuria, and recatheterization. Complications higher than grade 3 were not reported. In contrast, two patients in the transrectal biopsy group developed urosepsis and all received ICU care due to high fever and septic condition. The frequency of prostate biopsy complications varies widely. 6 The most commonly reported complication is hematuria, which is reported in 10%-84% of cases, but most complications are self-limiting.
Sepsis is reported in 0%-6.3% cases of transrectal biopsy, but no cases of sepsis on transperineal biopsy have been reported. 10 In addition to the comparison of transperineal and transrectal biopsy, this study confirmed the benefit of mpMRI. Preoperative mpMRI is helpful for the localization and targeting of lesions suspicious of prostate cancer. In particular, the PI-RADS score of these images may help to objectify the reading and enable surgeons to predict the likelihood of prostate cancer.
PI-RADS scores of 4 and 5 indicate that 'clinically significant
cancer is likely or highly likely to be present' according to the American College of Radiology. In our study, PI-RADS score ≥ 4 showed a 73.5% detection rate in all patients with both biopsy methods and a 90.5% rate for a score of 5. In 288 biopsy-naïve men, the detection rate of PI-RADS scores of 4 and 5 were 88% and 94%, respectively, 15 similar to those in the present study.
Furthermore, mpMRI showed a high NPV. The PROMIS study (2017) showed that the NPV of mpMRI for clinically significant lesions with a Gleason score (GS) of 7 was 76%, whereas it ranged from 63% to 98% in previous studies. 3 This high NPV might increase the number of men who could avoid prostate biopsy. 3 If mpMRI were used as a triage test for prostate biopsy, one-quarter of men might safely avoid prostate biopsy. 3 In contrast, the classical transrectal biopsy has a low NPV. Even if cancer was not detected on transrectal biopsy, prostate cancer cannot be completely ruled out. The false negative rate of transrectal biopsy was 47%, and the rate of rebiopsy within five years after initial biopsy was 38%. 16 The high detection rate and NPV of mpMRI might provide benefits for screening patients who do not require biopsy.
Although there are concerns about the cost of implementing mpMRI before biopsy, mpMRI is cost-effective. The selection of patients with prebiopsy MRI can reduce unnecessary prostate biopsy. A study conducted in 2009 reported that the cost of unnecessary prostate biopsy exceeded the cost of prebiopsy mpMRI. 17 In addition, a reduction in the total number of biopsy trials may reduce the social health cost spent by complications that occur after the biopsy, such as hematuria, rectal bleeding, and infection.
Moreover, prebiopsy mpMRI and its PI-RADS score may help to explain the need for biopsy and the diagnostic potential of cancer to patients. In planning the prostate biopsy, this modality will be a more objective indicator than conventional DRE and PSA, and it is expected to help improve the psychological stability of patients. 17 In view of this advantage of mpMRI, preoperative imaging might be recommended as a routine procedure.
Until now, radical prostatectomy or radiation therapy have been performed for localized prostate cancer and active surveillance has been recommended in cases of low-risk prostate cancer. 18, 19 However, recent studies have questioned this method of treatment. First, radical prostatectomy for prostate cancer could be an overtreatment in some cases of clinically insignificant prostate cancer. 20 The ProtecT study (2016) showed that clinically insignificant prostate cancer had a 6% disease progression over 10 years and less than 1% mortality during a follow-up of 6.8 years. 20 Insignificant cancer does not affect the mortality of the patient and does not progress to significant prostate cancer. 21 In addition, there is the disadvantage of reducing the quality of life. 19, 20, 22 Radical prostatectomy can lead to functional complications such as urinary incontinence and erectile dysfunction after the operation, which appear at a high frequency. In a study of 2,625 patients from 14 centers, Haglind et al. 23 found 21.3% and 70.4% incidence rates of incontinence and erectile dysfunction, respectively, at 12 months after robot-assisted laparoscopic prostatectomy. These complications are a major factor in reducing a patient's quality of life.
Second, radiotherapy has the potential to cause secondary malignancy and side effects due to the radiation of the surrounding organs. Wallis et al. 24 reported an increased risk of bladder, colorectal, and rectal cancer after radiotherapy. The
Memorial Sloan Kettering Cancer Center group performed intensity-modulated radiation therapy (IMRT) or 3-dimensional conformal radiotherapy (3D-CRT) in 1,571 patients with T1-3 prostate cancer and followed-up the patients for 10 years.
Although IMRT showed fewer complications than 3D-CRT, grade ≥ 2 gastrointestinal and genitourinary complications were reported in 5% and 20% of cases, respectively.
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According to Wortel et al., 26 following IMRT or 3D-CRT for the treatment prostate cancer, painful urination was reported in more than 50% of cases for both methods and grade ≥ 2 genitourinary complications occurred in 38% and 48% of cases, respectively.
Third, active surveillance also contends with patient worry that they live with cancer, physician's anxiety that they may miss the appropriate time for treatment, and the risk of complications due to additional biopsy. In addition, there has been no clearly defined inclusion criteria for active surveillance and the consensus criteria are being renewed. 27 The incidence of prostate cancer is increasing and the problems of these treatments are a strong trigger for increasing the social health burden.
Because of these problems, the direction of localized prostate cancer diagnosis and treatment is changing. With a more accurate and precise diagnosis, unnecessary diagnoses that are clinically insignificant can be avoided, thereby preventing overtreatment. 3 Preoperative mpMRI and transperineal biopsy will help to improve this accuracy. As confirmed in our results, transperineal biopsy showed a higher diagnostic rate than that of transrectal biopsy and preoperative mpMRI enabled precise targeting for biopsy. The combination of transperineal biopsy and mpMRI will allow progress in the diagnosis of prostate cancer and will be indispensable for the future local treatment of prostate cancer. 27 Transperineal biopsy and mpMRI are expected to expand the implementation of active surveillance. Accurate diagnosis through transperineal biopsy will help in screening patients for active surveillance, and mpMRI will be able to identify patients who require repeat biopsy to change the direction of treatment during active surveillance through mpMRI's high NPV. 3 This would reduce patients' and physicians' anxiety and avoid repeat prostate biopsy that should be performed periodically. As radical treatments for prostate cancer do not show significant survival and metastatic benefits, more active surveillance will be performed with increased confidence about screening and follow-up testing.
In addition, focal therapy such as cryoablation and high-intensity focused ultrasound, which is a treatment method performed between radical prostatectomy and active surveillance, is expected to solve these functional and psychological problems. Our study has some limitations related to the study design.
First, it was a retrospective study and we did not randomize patients and confirm the biopsy; thus, accurate detection rate comparisons may not be possible. However, although there was no randomization, our results showed good balance. Second, the small numbers of enrolled patients may show limited power to show a difference between transperineal and transrectal biopsy in our conclusion. Third, the difference between transperineal biopsy and transrectal biopsy was not corrected. As seen in our results, the core numbers of transperineal biopsy were higher than those of transrectal biopsy, and no compensation was made. Finally, we did not use contrast in the mpMRI protocol.
This may have affected the PI-RADS scores because the dynamic contrast enhancement (DCE) in the score is a criterion to distinguish grades 3 and 4 in peripheral zone lesions.
However, in terms of the cost and time, we believed that it would be beneficial not to use the contrast and PI-RADS scores of 3 and 4 were suspicious for prostate cancer. Although confirming the DCE could confirm a clearer PI-RADS score, it
would not have made a significant difference in our research goals. Also, the role of DCE in the screening protocol is questionable, and Hausmann et al. 29 recommended that DCE be used only for further evaluation of disease burden.
In summary, we have shown that transperineal biopsy increased the detection rate of prostate cancer and confirmed that there was a significant difference compared to the detection rate of transrectal biopsy. To our knowledge, these outcomes are the first results in Korea and they confirm that there are no differences in results compared to those of previous studies.
Transperineal prostate biopsy with mpMRI may be a powerful tool for the diagnosis of prostate cancer. On the basis of this accurate pathologic examination, focal therapy can be performed to overcome the disadvantages of the existing treatment modalities. We believe that transperineal prostate biopsy with mpMRI may be used as a first recommended diagnostic method for prostate cancer.
CONCLUSION
Our results confirmed that transperineal biopsy is superior to transrectal biopsy for the detection of prostate cancer. From the complication point of view, this study confirmed that there were fewer severe complications in transperineal biopsy. The combination of mpMRI and transrectal biopsy will lead to changes in the diagnostic flow of prostate cancer.
